The problems of unsteady flow of a viscous incompressibie conducting fluid containing a dilute suspension of small inert spherical particles in cylinders with circular and sectoriai cross-sections, in the pfesence of a radial magnetic field, have been discussed. The analysis applies to flows with pressure gradients whichare arbitrary functions of time. Explicit expressions for the exact velocities of the fluid and that of the particles are .
The study of MHD flow problem is important pressure gradient, Gupta & Gupta1zA13 have studibecause the behaviour of the conducting fluid is ed the flow of the dusty gas under the influence of considerably changed in the presence of magnetic an arbitrary time varying pressure gradient in a field and many new phenomena are observed. rectangular channel in circular cylinder and Gold1 has obtained an exact solution of steady in a cylinder whose cross-sectionis a sector of a one-dime~sional flow of an incompressible vis-circle respectively. cous, electrically conducting fluid through a circular cylinder in the presence of an applied (transverse) uniform magnetic field. Singh & Rizviz have investigated the impulsive motion of a viscous liquid contained between two concentric circular cylinders in the presence of a radial mag-3 netic 'field [(Hlr) i ] . Siagh3 has also discussed the same problem in the presence of an axial magnetic field H .
The problems of flow of fluid embedded with particles in the presence of magnetic field become more complex but not intractable, Yang & Healyl4 have studied the flow ;induced in an incompressible fluid embedded with particles by an infinite flat plate set into motion in its plane by oscillation and impulse in the presence of a transverse magnetic field, neglecting the electromagnetic induced effect.
"
In recent years, the problems of fluid flow emThe present paper is a generalization of the bedded with particles have gained increased atten-work of Gupta & Guptal3. In this paper, the tion of mathematicians and engineers in view of authors have studied some of the problems of their applications in a wide vatiety of engineering flow of a viscous electrically conducting fluid situations including environmental pollution, corn-containing a dilute suspension of small inert bustion fluidization, and more recently blood flow spherical particles in cylinders with non-conducting etc. It is due to this reason a number of studies of walls, in the presence of a radial magnetic field.
flow of a fluid embedded with particles4-14 have The flow has been considered in (i) a circular cyappeared in literature. Rao1° has discussed the flow linder, (ii) an annulus bounded by two coaxial of a dusty gas in a circular cylinder under the influ-circular cylinders, (iii) a cylinder ,whose crossence of an exponentially time varyidg pressure gradi-section is a sector of a circle and (iv) a cylinder ent. Singh & Pathakll have considered the flow of whose cross-sectionis an annular sector. It is the the dusty gas in a tube with sector af a circle as purpose of this paper to develop the general time cross-section under the influence of exponential depend,ent flow model 'and to obtain explicit expressions for both the fluid and particles veloIn the present investigation, it is assumed that the cities, when the pressure gradient is an arbitrary effects of the induced magnetic field and electric function of time, in exact form. The changes in field produced by the motion of the electrically velocity profiles of the fluid and particles with time, conducting fluid are negligible and no external for a constant pressure gradient, have been drawn force field is applied. With these assumptions the graphically when the flow is taking place through + -+ the annulus. magnetic term J x B in Eq. (1) is given by B02 a, -t In the present investigation, it is assumed that JX 2 = -the cylinders are of infinite length and the flow is RZ U.
(7) considered along z-axis, which concides with where B0 ( = peHO) is electro-rnagnetic induction, the axis of the cylinder. The appropriate equations, pe and ae are the magnetic permeability and which assume Stokes drag law, are the well-known the conductivity of the fluid respectively. momentum equations for the fluid and particlesa. These equations after introducing the electroIn the present investigation the velocity components of the fluid in the radial, tangential and axial magnetic force, in cylindrical polar coordinates are directio~l (R, 8, z) are i-7-( -) -P (J B, Introducing the following non-dimensional quan-
where u and v are velocity vectors of the fluid and particles respectively, m is the mass of a particle, No the number density of the particles which is constant throughout the motion, K the Stokes resistance coefficient, T the time, p the pressure, the kinematic viscosity, the density of the cull H = 4 nJ (3)
2, the equations (1) and (2) in view of (7) Using the above fundamental equations the authors have solved some basic problems of axially symmetric motion in the following sections.
S O L U T I O N O F T H E P R O B L E M S / (i) Circular Cylinder

M2
Let us consider the motion of the conducting a t fluid in a circular cylinder of radius a. For the and present geometry, due to mi-symmetry the velocities are independent of 8. Therefore, the 2 = (u-u), Eqs. (8) and (9) and with the of transfolm' form using the Hankel inversianformula, Tranterls, Therefore, it is neasqary to specify boundary to get conditions only for the fluid, whereas the initial conditions are required for the particles as wellas for the fluid. v ( r , Q ) = 0 J FinJly invert the Laplace transform using the convolution theorem, we get Boundary conditions :
Applying the Laplace transform to Eqs. (10) and (1 1 
where p5 is a positive root of the equation
to Eq. (14) and on using the transformed boundary conditions (l6), we get
Here we shall discuss the same problem when the flow is taking place in the annular space between two concentric circular cylinders of radii a and b (a<b). For the present geometry, the equations to represent the motion are (10) and (1 I), and the initial and boundary conditions are Initial conditions : radii 8 = & a and the circle R =a (Fig. I) 
Now proceeding exactly on similar lides as in 'the first problem we obtain the expressions for (8) and (9), and solve the The summation:i= 1 to co in equations (45) and (46) 1 being over -the positive roots of equation (49).
(iv) Annular Sector
In the last case, we have investibated the same problem when the flow is taking place in a cylinder whose cross-section is an annular sector bounded by two radii 9= f a and the circles R=a and R=b, (a<b) as shown in Fig. 2 . For the present problem equations (8) and (9) -.
\
The expressions for u and v obtained in the above cussions, the flow of the conducting fluid in the sections are of general character and they are not coaxial cylinder when the flow is taking place restricted to any special form of the pressure gra-under the influence of a constant pressure dient. As an illustrative example of the main gradient C. Substitutingf(t)=Cinequations (35) results, we have considered in the following dis-and (36) and on simplifying further, we get and
To express Eqs. (58) and (59) in further simpli-sion for a function f(r) over the range 1 to is fied form, we note that the Fourier-Bessel expan-given by, Tranterls where the summation being over the positive loots of equation (3 1) and the coefficients Ai are given by Expressing rM, r-Jf and r2 in terms of,Fourier-therein with the help of equation (33) and on Bessel expansion (60) and evaluating the integrds simplifying further it can be shown that e A r > = P'" . . . and , .
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D I S C U S S I O N
It is interesting to observe from Eqs. (45), (46)
In the Figs. 3 to 6, we have drawn the velocity and (531, (54) that if we let the sectorial angle be profiles of the fluid and particles when flow takes 2 a the resulting solutions do not correspond to place under the influence of a constant pressurethe flow through the circular cylinder and through gradient C .through the annulus. Fig. 3 shows the annulus. It is because in these cases we shall the velocity profiles of the fluid and particles in have a semi-diametral wall in the cylinder extend-the absence of magnetic field, while 
